Multilinguality is an important topic for knowledge bases, especially Wikidata, that was build to serve the multilingual requirements of an international community. Its labels are the way for humans to interact with the data. In this paper, we explore the state of languages in Wikidata as of now, especially in regard to its ontology, and the relationship to Wikipedia. Furthermore, we set the multilinguality of Wikidata in the context of the real world by comparing it to the distribution of native speakers. We find an existing language maldistribution, which is less urgent in the ontology, and promising results for future improvements.
INTRODUCTION
Wikidata is a community-driven knowledge base created as a central knowledge store for Wikimedia projects such as Wikipedia. It is now widely used in third-party applications as well. It contains linked data in the RDF format and can be queried via a SPARQL endpoint. Items in Wikidata are concepts such as people, places, or events and usually subjects in triples. Every data item in Wikidata is language-independent and connected to labels in multiple languages. Multilingual labels are important for linked data since they make the data human-accessible and therefore reusable. One example of this interaction with multilingual data are Question Answering systems that allow users an easy interaction with complex datasets. Language barriers and a lack of language diversity prevent whole communities from accessing information and Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner/author(s). contributing to more diverse knowledge online. In this paper we look at the languages covered by Wikidata. Wikidata has been designed as an inherently multilingual project. This feature was intended to allow users to express different points of view and foster the expression of knowledge diversity. Understanding Wikidata's language coverage is crucial to understand whether this goal has been met. Our research questions are as follows:
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RQ1 What is the state of Wikidata with regard to multilinguality?
RQ2 Is there a difference in the multilinguality of the ontology, compared to the overall multilinguality of the knowledge base?
RQ3 How does Wikidata's label distribution relate to the real world and Wikipedia's language distribution?
In order to answer these questions, we investigate Wikidata labels and analyze their distribution. To improve language diversity on the Semantic Web, including Wikidata, we must first understand the current state. In the following section we introduction some background and related work about language diversity in the Semantic Web and on Wikidata.
BACKGROUND AND RELATED WORK
Multilinguality of structured data is a very important topic for the Semantic Web, because labels are the access point for humans to interact with the data [5] . The use cases for multilingual data are diverse: for humans to understand the information, natural language multilingual data is necessary. Consequently, there is a strong relationship between Semantic Web and natural language processing [4] . A well established and comprehensive knowledge base that includes labels in a large number of languages might serve as a base for applications interacting with humans via natural language, including chat bots [16] . Ell et al. in [5] evaluate labels on the Web of Data, using metrics to measure their completeness, efficient accessibility, unambiguity, and multilinguality. They draw the conclusion that there is still a big lack of multilingual information on the Web of Data, which needs to be overcome. The resource the authors use is the Billion Triple Challenge 1 , a static knowledge base crawled from the web. The knowledge base we are looking at is more dynamic, because it has a community that is actively contributing and changing the content. This means that suggestions on how to increase the coverage could be implemented in later work. To gain a better understanding of the mechanisms of the community and the coverage of the multilingual data, we compare the language distribution of the ontology (i.e. Wikidata properties) with that of the content overall. Furthermore, we set our work in the context outside the world of the Semantic Web to understand how well covered real world language communities are. Similar work was done for Wikipedia: [6] analyzes 25 Wikipedia language versions in order to understand the overlap between the versions in regard to topic and content. Wikipedia's language distribution in relation to the global distribution of first and second languages spoken is analyzed in [13] , and shows similar patterns to Wikidata. Wikipedia's multilinguality is used in the context of natural language processing, e.g. for topic mining in [11] . A possible use of multilingual data is Question Answering over Linked Data, as in [1, 7] . [14] investigates how multilingual ontologies can facilitate question answering. Similarly, [3, 9] look at how to enable multilinguality for ontologies.
MULTILINGUALITY IN WIKIDATA
Wikidata provides a language-independent ontology. That is, each concept in Wikidata, called an item, has a unique identifier consisting of a letter and a number; e.g. Q12345. The same is done for properties, which are marked with a P as in P123. Each item or property (entity) can be connected to a natural language label. The predicate used is rdfs:label; in accordance with W3C standards 2 , the object's language is marked with the tag @<language code>. The triple to express a label looks like this: Q12345 rdfs:label "Count von Count"@en. The community contributes to every part of the data set, including natural language labels. Labels of items are often imported from Wikipedia or added via assistive tools. An example for such a tool can be bots, user written scripts that usually perform monotonous tasks or the Wikidata Terminator 3 , which encourages users to translate the most frequently used items. Wikidata maintains the links between different language versions of Wikipedia and other Wikimedia projects, which means that many items are connected to a Wikipedia article. Titles of the connected articles are often imported as labels for the respective Wikidata item. Properties have a special position in Wikidata's ontology. Classes are not structurally distinguishable from other items, only implicit by their content. Properties on the other hand are easily distinguishable by their distinct identifiers. The community process to create a new property is also more complex than that for creating a new item. However, translating a property is just as easy as translating an item's label. Properties are predicates in triples, so they are frequently used and highly visible to the community. Additionally, there are currently only 3, 386 properties, while there are close to 26 million items. Consequently, it could be hypothesized that language coverage should be higher in properties. Wherever Wikidata's data is used in Wikipedia, it displays the label of the entity. One example are infoboxes, a summary of information on an article in Wikipedia. Those can reuse the data of Wikidata. Another example of Wikidata language information used in Wikipedia are ArticlePlaceholders [8] , which generate an overview on a topic with data provided by Wikidata. Therefore there is a strong interest in improving the coverage of languages given its impact in, among others, Wikipedia.
METHODS
Wikidata's multilinguality is one of the core values of the project. In order to understand the state of languages in Wikidata as of now (RQ1), we looked at its entity labels. Thus we analyzed a database dump of Wikidata in turtle format from March 2017, to count all labels that are noted to be in a certain language (e.g. @en tag in the case of English). We analyzed a total of 134M labels of Wikidata's 26M entities plus three thousand properties. A large amount of information is redundant in Wikidata's turtle format to cover multiple ontologies such as skos and schema. Therefore we only considered rdfs:label and left out other representations such as skos:prefLabel and schema:name. We also exclude other strings that are in natural language, such as the value or object for statements containing P1477 (birth name). rdfs:label is used to label both items and properties. Based on these numbers, we calculated percentages for each language, and looked at the distribution over all available languages. To understand the language distribution of the ontology, as in RQ2, we assessed property labels via a SPARQL query to the Wikidata query endpoint 4 . Due to the structure of Wikidata, and classes being implicit, we focused on properties as an indicator for the state of the translation of the ontology. To understand how diverse the language distribution of Wikidata is, we compared it with the native speakers in the world and Wikipedia, the widely used online encyclopedia in order to understand potential relationships between the distributions of native speaker and Wikidata's languages as well as Wikidata's and Wikipedia's biggest languages. We first noted the Wikipedia language codes for the top 100 languages by number of native speakers as of [12] . The distribution of native language speakers is compared with the labels in Wikidata to see how well the language communities are covered by human-readable knowledge in Wikidata in order to answer RQ3. Additionally, we used the ranking of Wikipedias based on the numbers of articles for each language version. We compared this to the ranking by label count, to see whether we can find a similar pattern of languages and get an insight into the relation between Wikipedia's and Wikidata's multilingual information.
DISCUSSION OF THE RESULTS
We analyzed the distribution of languages in Wikidata to answer the question of the state of multilinguality in Wikidata. As an orientation, we looked into the state of languages on the web in general. English is the language of around 51.9% of all websites 5 even though t is spoken only by 25% of the world population. Chinese is the second largest language in terms of users on the web, but only 2% of the content on the web is in Chinese [10] . Only 11 languages hold almost 50% of all language knowledge in Wikidata, as evident in Figure 1 , indicating the Semantic Web has similar problems of language maldistribution. A few languages hold most of the content, while the vast majority have relatively few labels. The language holding most content is English. However, the distribution is not as extremely homogeneous in linked data as on the web in general. Therefore, linked data could offer part of the solution to the language inequality on the web.
RQ2
Is there a difference in the multilinguality of the ontology, compared to the overall multilinguality of the knowledge base?
The distribution of translated labels of properties in Figure 2 supports the idea that the state of languages online could be improved by linked data. It is especially important that the ontology is translated. Therefore, the more diverse distribution for properties is promising. Properties are used widely across Wikidata; therefore, it is more likely for missing translations to be detected by the community. Consequently, the distribution of languages is much less extreme; while English is still the leading language, the margin is very narrow. English has a share of 4.29% in the distribution of property labels in all of Wikidata's languages, followed by Dutch with 4.19%. The comparison of all of Wikidata's labels to only the labels of properties in Figure 3 make the distribution of labels over languages even more evident. The median for property labels is lower but the interquartile range is wider, indicating a higher variance of the data. The comparison of Wikidata's label distribution with the distribution of first language speakers in the world, in Figure 4 , shows that there is still a lot of work to be done to cover all language communities. Most evident here is the case of Chinese. There are multiple Chinese versions and there are issues in interpreting the data due to the censorship of Wikipedia in China [2] , which result in a big share of the edits being made from outside China 6 . However, the biggest Chinese version, with the language code zh, is still very under-served, especially given the number of people speaking the language. Examples such as Dutch (nl) or Cebuano (ceb) show that it is not strictly necessary for a language to be spoken by many people to have good coverage in a knowledge base. the Wikipedia community. Dutch can thus be assumed to have very active communities on both Wikipedia and Wikidata. However, both Cebuano and Swedish (sv) have one contributor, who works on a bot called lsvbot; this is an automated tool which adds new articles to these Wikipedias. With or without such special circumstances, a connection in the ranking of biggest language versions is apparent, in terms of articles and labels for Wikipedia and Wikidata respectively. This is illustrated in Table 1 . It reflects the import of Wikipedia article titles as entity labels in Wikidata, as well as how the communities are intertwined. The fact that many titles are imported can be seen also in the comparison to Wikidata property labels of Table 1 . Swedish is only ranked 20th, while Cebuano does not appear in the top 25 anymore at all. Since there are no Wikipedia articles linked to properties, those cannot be imported and have to be translated by the community of either project on Wikidata. Therefore we can assume this represents the language knowledge of editors and their bots on Wikidata quite accurately.
CONCLUSION
To gain a better understanding of the coverage of language communities on the Semantic Web, we analyzed data on natural language labels from Wikidata. This is an important topic that will influence the further direction of the Semantic Web and its use: adding one property label makes thousands of statements more useful, and can be further on used to give various language communities access to knowledge they would not have been able to access before. There is still much room for improvement on the current state; as with most of the web, Wikidata's knowledge is mostly available in a few languages, while most languages have close to no coverage. Even languages spoken by large parts of the world population are not necessarily well covered. The languages that are covered the most are similar to Wikipedia, which we assume to be due to two factors: imports of Wikipedia article titles and an overlap of communities. A few promising observations can be made, however. Languages do not necessarily have to be spoken by many people to achieve a higher level of completeness; suitable tools can greatly accelerate the process. At the same time, there are more comprehensive translations for data that is used more, as shown with properties in Wikidata. This should be the direction of future work: supporting the variety of languages on the Semantic Web, with tools that support the editor community in various languages and import more data in different languages to achieve greater coverage and with that more reuse.
